INTRODUCTION
============

Organophosphates (OPs) are a group of chemicals that are widely used as insecticides in agriculture and household gardens worldwide. Because of the availability of such compounds, the incidence of accidental, occupational, bystander exposure, and suicidal poisoning has gradually increased. OP toxicity primarily targets the nervous system.^[@R1]^ OPs bind covalently and irreversibly at the active site of acetylcholinesterase (AChE).^[@R1]^ Therefore, patients with OP intoxication are typically assessed based on decreased AChE activity. The accumulation of acetylcholine at the peripheral nerve postsynapse cleft may induce sympathetic and parasympathetic reactions through the activation of muscarine and nicotine receptors.^[@R2]^ In addition, high-dose OP exposure may result in severe morbidity and even mortality.^[@R3]^ Previous studies on the toxic effects of OP in nontarget tissues have been limited. However, some studies have indicated that OP poisoning may increase lipid peroxidation, induce oxidative stress, and reduce glutathione levels.^[@R4]^ Under high oxidative stress, tissues may sustain damage and persistently exhibit an inflammatory response, leading to cellular necrosis.^[@R5]^

Deep vein thrombosis (DVT) is the formation of blood clots predominantly in the deep veins of the legs. Severe DVT causes permanent damage to the leg. Pulmonary thromboembolism (PTE) is a potentially life-threatening disease involving pulmonary artery thrombosis or occlusion of the thrombotic occlusion system, and it can lead to the collapse of the respiratory or circulatory systems, resulting in death. Both DVT and PTE constitute venous thromboembolism which, when severe, carries a fatality rate of 11% to 30% within 30 days.^[@R6]^ The triad of Virchow describes the 3 major risk factors that contribute to thrombosis, which are hypercoagulabililty, hemodynamic changes (stasis or turbulence), and endothelial injury or dysfunction.^[@R7]^ Although OP intoxication is not a general risk factor for DVT or PTE, previous studies have shown that chronic inflammatory status is associated with coagulation abnormalities and increased risk of DVT and PTE.^[@R8]^ No study has investigated the association between OP intoxication and DVT or PTE. Therefore, we conducted a nationwide prospective cohort study that involved controlling for potential comorbidities to determine whether OP intoxication increases the risks of DVT and PTE.

METHODS
=======

Data Source
-----------

Instituted in 1995, the National Health Insurance (NHI) program is a mandatory health insurance program that offers comprehensive medical care coverage, including outpatient, inpatient, emergency, and traditional Chinese medicine services, to all residents of Taiwan. The NHI program covers \>99% of the population of Taiwan (23.74 million people). The NHI Research Database (NHIRD) contains comprehensive information regarding clinical visits, including prescription details and diagnostic codes based on the International Classification of Diseases, Ninth revision, Clinical Modification (ICD-9-CM). The NHIRD is managed by the National Health Research Institutes (NHRI) and the confidentiality is maintained according to the directives of the Bureau of the NHI. This database is used for administrative and research purposes. To protect the privacy of all persons registered in the program, the NHRI encrypts and converts the identification numbers of all NHIRD records before releasing them for researchers. Thus, our study was exempted from full review by our institutional research ethics committee (CMU-REC-101--012).

Sample Participants
-------------------

We identified patients from the NHIRD who were hospitalized with OP poisoning (ICD-9 Code 989.3) for the first time between 2000 and 2011. The date of first hospitalization was used as the index date. For the OP poisoning cohort, we extracted 9223 patients with OP poisoning, including information on their age and sex, who had no history of DVT (ICD-9-CM 453.8) or PTE (ICD-9-CM 415.1, excluding ICD-9-CM 415.11) before the index date. Records indicating a history of DVT or PTE before the index date or those with incomplete age or sex information and missing variables were excluded from the control group. For each OP poisoning patient in the OP poisoning cohort, 4 controls without OP poisoning were randomly selected, frequency matched by sex, age (every 5-year span), and the year of the index date. A total of 9223 patients with OP poisoning and 36,892 people without OP poisoning were followed up until diagnosis of DVT or PTE, loss to follow-up, death, withdrawal from the insurance program, or the end of 2011, whichever occurred first.

Comorbidities
-------------

The baseline comorbidity history of each participant was determined based on the inpatient claims data. We considered several well-known risk factors for DVT and PTE as comorbidities: atrial fibrillation (ICD-9 Code 427.31), hypertension (ICD-9 Codes 401--405), diabetes (ICD-9 Code 250), cerebral vascular disease (CVA) (ICD-9 Codes 430--438), heart failure (ICD-9 Code 428), all cancer types (ICD-9 Codes 140--208), and lower leg fracture or surgery (ICD-9 Codes 820--823 and procedure codes 81.51--81.54). These comorbidities were selected to clarify the independent influence of OP poisoning on the risk of DVT and PTE.

Statistical Analysis
--------------------

We described and compared the distributions of age, sex, and comorbidities (%) between the 2 cohorts according to the results of χ^2^ tests. A Student *t* test was used to examine the mean ages of the 2 cohorts. The cumulative incidence curves of DVT and PTE and the Kaplan--Meier curves of the 2 cohorts were compared using a log-rank test. Incidence-density rates (per 10,000 person-years) were estimated for both of the cohorts based on associated demographic variables and comorbidities. Univariable and multivariable Cox proportional hazards regression models were used to examine the effect of OP poisoning on the risk of DVT and PTE based on hazard ratios (HRs) with 95% confidence intervals (CIs). Only confounding variables found significantly in the univariable model were further included in the multivariable model. All data processing and statistical analyses were performed using SAS Version 9.3 (SAS Institute, Inc, Cary, NC). A 2-tailed *P* value of \<0.05 was considered statistically significant.

RESULTS
=======

Table [1](#T1){ref-type="table"} shows the distributions of the demographic variables and comorbidities for the OP poisoning and control cohorts. The mean (± standard deviation) age of the OP poisoning cohort was 53.4 (±16.5) years and that of the control cohort was 53.9 (±16.2) years; 51.5% of them were aged 20 to 54 years and women were outnumbered by men (30.0% vs 70.1%). Comorbidities were more prevalent in the OP poisoning cohort than in the control cohort (all *P* \< 0.001).

###### 

Comparison of Demographics and Comorbidity Between Organophosphates Poisoning Patients and Controls
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A Kaplan--Meier analysis was used to reveal the risk of DVT during follow-up in both the cohorts. The cumulative incidence of DVT was significantly higher in the OP poisoning cohort than in the control cohort (log-rank *P* = 0.006) (Figure [1](#F1){ref-type="fig"}). For the sake of comparison, Figure [2](#F2){ref-type="fig"} shows the cumulative incidence of PTE of the OP poisoning and control cohorts. The difference in cumulative incidence of PTE between the OP poisoning and control cohorts was not significant (log-rank *P* = 0.13).
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Table [2](#T2){ref-type="table"} shows the results of the univariable and multivariable Cox proportion hazards regression models for the risk of related variables contributing to DVT and PTE. After adjustment for age and comorbidities of hypertension, diabetes, CVA, heart failure, all cancer types, and lower leg fracture or surgery, the risk of developing DVT was significantly higher for patients with OP poisoning (adjusted HR = 1.55; 95% CI = 1.03--2.34) compared with the control cohort. The risk factors contributing to DVT included older age (adjusted HR = 3.55, 95% CI = 1.66--7.63 for 55--69 years of age; adjusted HR = 7.61, 95% CI = 3.50--16.5 for \>69 years of age), hypertension (adjusted HR = 2.64, 95% CI = 1.60--4.35), and cancer (adjusted HR = 3.25, 95% CI = 1.69--6.27). After adjustment for age and the comorbidities of atrial fibrillation, hypertension, diabetes, CVA, and heart failure, the risk of developing PTE was not significantly higher for patients with OP poisoning (adjusted HR = 1.44; 95% CI = 0.83--2.52). The risk factors contributing to PTE included older age (adjusted HR = 3.78, 95% CI = 1.29--11.1 for 55--69 years of age; adjusted HR = 11.5, 95% CI = 3.94--33.5 for \>69 years of age) and atrial fibrillation (adjusted HR = 4.02, 95% CI = 1.37--11.8).
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Cox Proportional Hazard Regression Analysis for the Hazard Ratio of OP Intoxication-Associated DVT and PTE Stratified by Age and the Interaction With Comorbidity
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For the subgroup analysis, during 51,954 and 250,538 person-years of follow-up, the overall incidence density of DVT was 1.74-fold higher in the OP poisoning patients than in the control cohort (6.35 vs 3.67 per 10,000 person-years, crude HR = 1.74, 95% CI = 1.17--2.59) (Table [3](#T3){ref-type="table"}). The incidence of DVT was greater in women than in men in both cohorts, and DVT incidence increased with age in both cohorts. However, the results of the age-specific analysis of the OP poisoning and control cohorts indicated that the relative risk was highest among those aged 20 to 39 years (adjusted HR = 11.8; 95% CI = 2.32--60.2). Among the patients without comorbidities, the OP poisoning patients compared to controls had a higher adjusted HR of 2.12 (95% CI = 1.21--3.71) for DVT. The overall incidence density of PTE was not significantly higher in the OP poisoning patients than in the control cohort (3.27 vs 2.15 per 10,000 person-years), with an HR of 1.44 (95% CI = 0.83--2.52).
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Comparison of Incidence and Hazard Ratio of DVT and PTE Stratified by Sex, Age, and Comorbidity Between OP Poisoning Patients and Controls
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DISCUSSION
==========

This is the first nationwide longitudinal population-based cohort study to investigate whether a population with OP intoxication exhibited an increased risk of DVT and PTE. Clinical data on AChE levels were used as indicators for the intoxication diagnoses. To avoid selection bias, we estimated the risk of DVT and PTE only for those patients who received a first diagnosis of OP intoxication and had no previous history of DVT or PTE. All of the patients were assigned unique identification numbers in the NHI beneficiary system, and every patient could be traced through the NHIRD in the study period. Compared to the control cohort, the risk of developing DVT was significantly higher among patients with OP poisoning (adjusted HR = 1.55; 95% CI = 1.03--2.34). Moreover, we demonstrated that the incidence of DVT was 6.35 per 10,000 person-years among patients with OP intoxication in Taiwan. Additionally, we found that there was an increased risk of DVT in OP intoxication patients without comorbidity (adjusted HR = 2.12, 95% CI = 1.21--3.71). Therefore, providing adequate care for patients with OP intoxication and comorbidities is essential to prevent further development of DVT; assessment, treatment, and additional care must be provided to patients with OP intoxication.

OPs are lipophilic and may accumulate in various parts of tissues and organs after intoxication. OPs are subsequently released from these tissues into the bloodstream, and intoxication relapse may be prolonged, leading to various clinical manifestations.^[@R9]^ A recent report showed that OP intoxication may be associated with increased reactive oxygen species (ROS) production and lipid peroxidation.^[@R10]^ ROS may act as an initiator of cell apoptosis and organ lesions through various pathways. Under high oxidative stress, cells typically undergo necrosis as a result of tissue damage. Such tissue damage can include subchronic and chronic toxicity and biochemical and histopathologic changes in various tissues, such as those in the liver, kidneys, pancreas, vascular walls, and endometrium,^[@R11]^ as well as an intense inflammatory response.^[@R12]^ Inflammation may cause thrombotic tendencies and microvascular thrombosis by increasing procoagulant factors and inhibiting natural anticoagulant pathways.^[@R13]^ In addition, with chronic inflammatory response, the properties of the endothelium may become dysfunctional with multiple outcomes, including the loss of anticoagulant, antiaggregant, and vasodilatory properties.^[@R13]^ Another acute phase reactant, C-reactive protein (CRP), is substantially altered during infection, trauma, surgery, and tissue necrosis, as well as in patients with burns, inflammatory disease, or advanced cancer.^[@R14]^ Lee et al^[@R15]^ determined that serum CRP levels are highly correlated with the severity of acute OP intoxication but not with serum AChE levels. Therefore, CRP may be an effective alternative index for assessing the intoxication status of patients. These mechanisms may explain why the patients with OP intoxication in this study exhibited significantly higher DVT and PTE rates, particularly in the presence of any comorbidity, compared with the control cohort.

The strength of this study is that it is the first nationwide population-based cohort longitudinal study on the risk of DVT and PTE development to be conducted on patients with OP intoxication in Taiwan. However, several limitations must be considered when interpreting these findings. First, the NHIRD does not provide detailed personal information, including information pertaining to smoking status, body mass index, and physical activity, all of which may be confounding factors. Second, the NHIRD does not record OP classification, route of exposure, or exposure periods, which might be another limitation. Third, we used ICD-9 codes to define the outcomes of interest, particularly regarding DVT, which may have led to misclassification. However, in Taiwan, because universal health insurance has been implemented and doctors are reimbursed by administrative specialists, a peer review system was established to reduce the rate of false positives.

In conclusion, this nationwide study of 9223 patients with OP intoxication over approximately 51,954 (DVT) and 51,991 (PTE) follow-up person-years shows that patients with OP intoxication have a 1.55-fold increased risk of DVT compared with the general population. The risks of DVT were significant and reached 2.12-fold of the HR of OP poisoning patients with any comorbidity compared with those without OP poisoning and comorbidities. These findings emphasize the importance of clinical awareness and additional holistic care for preventing the development of DVT and PTE to minimize morbidity and mortality from these potentially lethal compounds.

Abbreviations: AChE = acetylcholinesterase, CI = confidence interval, CRP = C-reactive protein, CVA = cerebral vascular disease, DVT = deep vein thrombosis, HR = hazard ratio, ICD-9-CM = International Classification of Diseases, Ninth revision, Clinical Modification, NHI = National Health Insurance, NHIRD = National Health Insurance Research Database, NHRI = National Health Research Institutes, OP = organophosphate, PTE = pulmonary thromboembolism, ROS = reactive oxygen species.
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